Abstract-The placement of Chirped Fiber Bragg grating in between the span plays an important role as it affects the signal quality when it reaches the transmission end. The work highlights on the signal performance at 10 Gbps data rate after propagating through a 90 km transmission fiber. The worst BER is obtained in the inline compensation configuration as compared to preand post-compensation. The highest received power of -0.19 dBm with bit error rate of 2.65 E-07 is obtained in post-compensation configuration while the highest received power for post-compensation configuration is around -0.7 dBm with bit error rate of 4.95 E-07. However, pre-compensation configuration is chosen in further measurement as it gives the best power penalty as compared to other configurations when BER of 1 E-06 is used as the benchmark for the signal quality.
INTRODUCTION
Owing to the dispersion effects that occurred in a longer length of fiber, the propagated signals are also subjected to attenuation and scattering that finally brings to the power reduction. As the dispersion effect in the transmission fiber cause the signal to be distorted, there are some techniques have been implemented in DWDM system to overcome this limitation. At the same time, the dispersion effect limits the transmission distance as well as the bandwidth. The dispersion effect need to be managed as it affects the overall OSNR as well. This can be done by integrating dispersion compensating fiber (DCF) [1] and dispersion shifted fiber (DSF) [2] in the transmission fiber or even using dispersion compensating module such as chirped fiber Bragg grating (CFBG) [3] . The use of DCF however requires high cost as the fiber is very expensive and the dispersion slope does not match with G.652 and G.655 fibers which contribute to the existence of remnant dispersion. The use of this CFBG somehow offers better signal power as it offers less loss as compared to the DCF [4] . However, the signal performances are varied when different set of dispersion compensation configurations (pre and postcompensation) are tested in C-band [5] .
This work focuses on the signal performance when the CFBG acts as pre-, post-or even inline dispersion compensator in between the fiber span as it gives different Lband signal performances when it is tested with 10 Gbps data rate for 90 km transmission fiber. Even though this CFBG managed to compensate the overall dispersion of the whole transmission fiber, the signal quality for each of the CFBG's placement is different due to the linear and nonlinear effects when interacting with the dispersed or recompressed signal.
II.
EXPERIMENTAL SETUP Figure 1 (a) shows the arrangement of the setup for postcompensation of CFBG when it is applied to the transmission system. A total of 90 km G.652 standard SMF is used as the transmission fiber since this CFBG is fabricated to compensate the overall dispersion of -1638 ps/nm. A 10 dBm optical signal generated by TLS is modulated at 10 Gbps using a Mach-Zehnder external modulator (MZM). During this modulation, a pseudo random bit sequence (PRBS) of 2 23 -1 is chosen at the pulse pattern generator (PPG) and a nonreturn zero (NRZ) modulation format is applied.
As MZM introduces high insertion loss to the propagated signal, a booster is placed right after the transmitter to boost the 1590.04 nm launched signal to 15 dBm before it goes into the transmission fiber. The dispersed signal is then recompressed by approximately 1638 ps/nm.km when it goes through the CFBG. However, due to the 15 dB accumulated attenuation in the transmission fiber together with 3 dB insertion loss contributed by the CFBG itself, a pre-amplifier is needed to increase the intensity of the launched signal before it goes to the receiver. Furthermore, an optical grating filter (OGF) has been placed just before the receiver to filter out all the unwanted amplified spontaneous emission (ASE) contributed from the preamplifier. A programmable attenuator is located just before the receiver to vary the received power at the receiver. Finally, the quality of the signal is measured from the BER using an error detector while the eye diagram is captured using a Digital Communication Analyzer. After the reference pattern has been synchronized with the output from the system under test, the comparison between the bit by bit is done between these two signals.
The ratio of bit error is calculated by dividing the amount of erroneously received bits with the total number of transmitted bits. Almost the same experimental setups are applied for inline and pre compensation except the placement of the transmission fiber which are shown in Figure 1 (b) and 1(c). For inline compensation, the CFBG is placed in between the transmission fiber (40 km and 50 km) while for pre compensation, the CFBG is placed just before the 90 km SMF (Figure 1(b) ). Meanwhile, Figure 2 illustrates the experimental setup when remote pumped EDFA is applied where 75 km transmission fiber has been used to compensate with the total dispersion contributed from the CFBG in the setup. The placement of the transmission fiber is decided based on the previous measurements. This setup is to measure the performance of REDFA especially the received power and the BER. Figure 3 illustrates the detailed arrangements for transmitter (Tx) and receiver (Rx) when repeaterless transmission measurement is conducted.
III.
RESULTS AND ANALYSIS Figure 4 shows the BER obtained with different received power when different sets of setup have been implemented into the repeaterless transmission. As in pre-compensation configuration, the signal is recompressed first before it propagates through a transmission line. The highest received power obtained is around -0.7 dBm with BER of 4.95 E-07. The signal quality is then started to degrade to 2.2 E-04 at the lowest received power of -4.71 dBm. The recompressed signal is interupted by the linear and non-linear effects in the 90 km SMF once it travels through that transmission fiber. However, in post-compensation configuration, the signal is exposed to the dispersion effects before the signal is compensated using that CFBG. This results in high received power of -0.19 dBm with 2.65 E-07 for BER. The signal quality however degrades to BER of 9.66 E-05 at the lowest received power of -3.11 dBm due to self phase modulation (SPM) [6] . In contrast, when the inline compensation is applied, the signal will be dispersed first after propagating through a 50 km transmission fiber. Then the dispersed signal is corrected after went through the CFBG where the signal is recompressed and it is then propagates in another 40 km SMF before reaching the receiver. The highest received power for this configuration is around -3.22 dBm with BER of 3.76 E-04 while the lowest received power is around -5.2 dBm with high BER of 2.8 E-03. It also demonstrates the worst BER at all received powers as compared to other configurations. Due to this, this inline configuration is not preferable to be used in the REDFA measurement as it gives low received power as well as high BER.
However, for pre-compensation configuration, it gives the highest power penalty when comparison is made with the back-to-back. The best power penalty of less than 1.7 dB is obtained in pre-compensation configuration when the BER of 1E-06 is selected as the benchmark for all configurations. In contrast, the power penalty for post-compensation is around 1.1 dB.
The signal quality is proven by looking at the eye diagrams in Figure 5 where the eye diagrams are captured at the highest received power for all configurations. The setting of scale is maintained throughout the measurement for comparison purposes where the scale for y-axis is set to be at 36.4 mV/div and the scale for x-axis is set to 16.8 ps/div. For all configurations, measuring the experimental results are ceased when the BER and the eye have degraded to a level where further measuring and recording is believed to be pointless. This occurred at 3.9 dBm for back to back, -0.19 dBm for post-compensation, -0.7 dBm for pre-compensation and -3.2 dBm for inline compensation. The thickest eye diagram is obtained when inline compensation configuration is applied due to high noise generated that finally distorts the signal quality. In contrast, a narrower eye opening is obtained in the post-compensation's eye diagram as it is slightly been distorted by the generated noise as the propagated signal is recompressed first before it propagates through a long transmission fiber. For pre-compensation, a clearer and wider eye opening is attained as compared to inline compensation as the signal is less distorted by the generated noise. However, the eye diagram starts to be distorted increasingly by the noise (with narrower eye opening) when the received power starts to reduce. Since the pre-compensation configuration gives better results in terms of power penalty as compared to other configurations, the measurement using REDFA has been conducted where a double pass amplification using CFBG has been implemented. By using this technique, the received power has been improved drastically. By referring to Figure 6 , the highest received power of 3.9 dBm has been achieved with BER of 3.7 E-10 and the the lowest received power is around -3.2 dBm at BER of 1.2 E-3. The double pass technique together with the Raman amplification that occurred in this REDFA setup helps to improve the received power by almost 4 dB. Thus, the power penalty for this configuration is around 4 dB when comparison is made with back-to-back. This is proven by referring to the eye diagram obtained at the highest received power (Figure 7 ). Besides havig a wider eye opening, it is also less distort by noise for this REDFA setup.
IV. CONCLUSION
The work shows the signal quality patterns after propagating through a certain length of transmission fiber where the signal is dispersed first or it is recompressed first using a CFBG. The highest received power of around -0.7 dBm and -0.19 dBm are obtained in pre-compensation and postcompensation configuration respectively. Furthermore, the signal quality for pre-and post-compensation are slightly different where BER of 4.95 E-07 and 2.65 E-07 are obtained in pre-and post-compensation correspondingly. The worst BER is obtained in the inline compensation configuation as it gives the highest BER at all received powers when comparison is made between those configurations. As conclusion, the best configuration that works as an efficient dispersion compensator for long distance distance network is pre-compensation with the best power penalty as compared to back-to-back. It is proven that the signal quality is differ at different configurations as its totally depending on the signal behaviours when interacting with linear and non linears effects in the long transmission fiber. As the remotely pumped EDFA is connected to this configuration, it gives high received power of 3.9 dBm with the lowest BER of 3.7 E-10.
